INTRODUCTION
Conducting polymers can be polymerized on textiles by various chemical polymerization techniques. These include surface polymerization on to fabrics by solution and vapour phase polymerization methods. In addition, soluble forms of conducting polymers such as alkyl polypyrroles (PPy) can be applied directly on to the fabrics by printing or spraying (Foitzik et al. 2006) . Textiles, with their infinite structural and surface morphological variations and good mechanical properties provide excellent substrates for conducting polymer coating. Although there have been a large number of publications on conductive polymers, there are relatively few publications in the area of conductive polymer coated textiles (Gregory et al. 1989; Heisey et al. 1993; Kuhn 1993; Kuhn et al. 1995; Malinauskas 2001; Kaynak et al. 2002) . In these reports solution or vapor phase chemical polymerization was employed in the presence of a textile substrate by using an oxidizing agent. The polymerization was initiated by the oxidation of the monomer into radical cations, which combine to form dimers and trimers, leading to the formation of insoluble oligomers in solution, that deposit on the surface and interstices of the textile fibers and fabrics. The choice and concentrations of the monomer, oxidant, dopant and the conditions of chemical synthesis all have an influence on the surface resistance, stability, appearance and handle of the conductive textile. The variation of surface resistance of PPy coated polyester (PET) fabrics with monomer, dopant, oxidant concentrations and optimum synthesis conditions have been determined (Kaynak and Beltran 2003) .
Very little has been reported on how laundering affects the coating fastness and electrical conductivity of conducting polymer coated textiles. Laundering is carried out using a blend of chemicals that are designed to combat different types of soiling. Detergents are selected for soil removal, biodegradability, and hard water stability. Anionic and nonionic detergents are most commonly used. Linear alkyl-benzenesulphonates are used as they show good soil removal properties with a high degree of biodegradability. Soaps are not as commonly used as they have poor stability to hard waters. Lange (Lange 1994) showed that apart from the surfactant, many laundry detergents also contain chemicals to perform sequestering, bleaching, pH control, corrosion inhibition, perfumes, dyes, foam regulators, antiredeposition agents, enzymes, optical brighteners, fillers, bleach activators and bleach stabilizers.
Bleaching was carried out on some stains to reduce the colour of soil staining and to improve the whiteness of the substrate (Jakobi and Lohr 1987) . Complexing agents are employed in a detergent mix to remove the effects of water hardness. Water hardness can cause the precipitation of the inorganic salts and the surfactant. The use of a complexing agent leads to the creation of a soluble complex that will not precipitate out onto the surface of the fabric being washed. Among the complexing agents, sodium tri phosphate holds a dominant position (Falbe 1986 ). Ethylene diamine tetra acetic acid (EDTA) is also an important complexing agent for the removal of heavy metal ions.
Test methods have been developed to assess the colour fastness of dyed fabrics under accelerated laundering conditions. These test methods rotate the fabric in a laundrometer in the presence of detergents and or auxiliary chemicals and or steel balls. These allow for a quick assessment of the viability of a dyed fabric to withstand laundering without running or fading. These tests could be applied to assess the viability of a conductive coating. AS 2001.4.15-1994 is one of the most commonly used accelerated laundering tests in Australia.
This work followed the accelerated laundering test method used for dye colour fastness to determine the extent of conductivity change during laundering. It examined the effects that different detergents, temperature, pH and auxiliary chemicals have on conductivity under agitation conditions similar to laundering.
EXPERIMENTAL
The coating work was carried out at two different chemical strengths. For polymer synthesis each pot contained a liquor ratio of 50:1. All stock solutions were made up to 10% strength of the original chemical strength apart from the pyrrole (5%) and AQSA (1%). The monomer, dopant and oxidant were stored at 2°C after being diluted. The fabric was coated in a 450 ml stainless steel dye pot for 2 hours at 2°C in a Rapid H240 rotary dyeing machine followed by rinsing with copious amount of water.
The coated fabrics (before and after laundering) were conditioned for 24 hours before being tested for resistance. 
RESULTS AND DISCUSSION
When the samples were washed by the ECE solution, a commercially available detergent, the conductivity decreased substantially (Fig.1) . As the laundering temperature was increased the level of degradation also increased. The degradation rate of the conductivity is exponentially proportional to an increase in washing temperature and is significantly higher than that seen for the soap solution. SEM images show that the level of surface cracking has increased in the fabric that has been laundered with the ECE detergent. The level of degradation caused by the soap solution is 3 orders of magnitude lower than the ECE laundered fabric. The difference in laundering degradation between the two detergents may be explained by the composition of the two detergents. The soap solution is made from a commercial sodium sterate whereas the ECE reference detergent is a blend of different chemicals and detergents. To examine this further a second series of trials were conducted to look at the effects of some of the individual detergents and chemicals. Figure 2a is an SEM image of the fabric before laundering while Figure 2b shows the fabric after it has been laundered at 60°C with the ECE reference detergent. Removal of sections of coating due to abrasion was manifested as charging effects during SEM imaging ( Figure 2b ). When this is compared with the sample that was washed at the same temperature with soap ( Figure 2c ) it is obvious that the ECE laundered sample has undergone a more severe coating removal. (c). After washing at 60°C with soap. Magnification:600X. Figure 3 shows the effects of different detergents on the resitivity of conductively coated fabrics. Of the three detergents used, Hydropol TN450 had the highest impact on resitivity. All of the detergents reduced the fabric conductivity at a rate exponentially proportional to the temperature of laundering. The DBS caused the lowest reduction in conductivity. DBS is often used as a dopant anion to increase the conductivity in conducting polymers. Sulfonic acid based surfactants were also found to enhance the large sized surfactant anions incorporated into the PPy backbone. Sulfonic acid based dopants also influence the morphology (Shen and Wan 1998) and degradation rate of the conductivity of the conducting polymer (Chen et al. 1994; Kaynak et al. 2000) . The thickness of coating increases with the increase in the concentration of the dopant anions as these are large molecules attaching themselves to the PPy chains.
The conductivity decay of PPy films presented in the logarithm of normalized conductivity vs time plots revealed that PPy samples prepared with the surfactant anion, DBSA, exhibited enhanced thermal stability whereas the undoped PPy sample showed a very rapid decline in conductivity with time. These results are in agreement with our laundering tests which indicate that samples laundered with DBSA retain their electrical properties after washing. Figure 5 shows the results of the effects that different chemicals have on the conductive coating during laundering. The EDTA has had next to no effect on the resistivity of the conductive coating. The sodium carbonate and the sodium perborate however both had a significant effect on the coating resistivity and showed resistivity degradation that was very similar to each other. Figure 5 shows that sodium carbonate has a detrimental effect on the conductive coating when used in laundering. This effect is confirmed by the Hydropol TN450 pH 10.71 curve (Figure 4 ) and the ECE reference detergent curve (Figure 1 ). Both of these trials had sodium carbonate present in high levels as a pH buffer and the deterioration of the conductivity of the fabric was substantial.
All of the trials showed a degree of abrasion of the coating surface. This is mainly shown as a partial removal of the PPy coating (Figures 2a and 2b) . Although the level of abrasion can be reduced by the detergents and chemicals selected for laundering the brittle nature of the conductive coating and the smoothness of the PET structure will 13 contribute to polymer abrasion during laundering. The control of pH and the selection of detergent type can help to reduce this. 
CONCLUSION
Laundering of PPy conductive coatings that have been doped with AQSA will cause a reduction in the conductivity of the coating due to abrasion. Laundering conditions will have a large controlling effect on the level of deterioration caused. Detergent type also has an effect on the degradation of the coating during laundering. Effective selection of 14 the detergent to be used will help to minimize conductive polymer deterioration.
Laundering should be conducted with a detergent that is able to work under acidic conditions. The best laundering conditions are low temperatures (40°C), low pH (less than 4), in the presence of a sequesterant. The use of detergents containing sodium carbonate and bleaching agents and/or working at neutral or alkaline pH's should be avoided.
